Objective: To examine factors associated with the physical growth of breast-fed Ghanaian infants during the ®rst 18 months of life. Design: A community-based longitudinal study. Setting: The study was carried out in Techiman, a district capital and major food trading center in the Brong Ahafo region of Ghana. Subjects: One-month old infants n 216 with birth weight ! 2X5 kg were recruited from Maternal and Child Health Centers. Method: From 6 to 12 months, infants were provided with one of four types of nutritionally enhanced complementary foods. Anthropometric assessments were completed monthly from 1 to 12 months and every other month from 12 to 18 months. Information was collected on household characteristics, morbidity from common infections and dietary intakes. Blood samples were collected at 6 and 12 months to assess iron, zinc, ribo¯avin and vitamin A status. Multiple regression analysis was used to examine factors associated with growth during the age intervals of 1 ± 6, 4 ± 6, 6 ± 12 and 12 ± 18 months as well as size attained at 12 and 18 months. Results: Prevalence of diarrhea and fever were negatively associated with growth during the ®rst year of life. No signi®cant relationship was found between respiratory illness (de®ned as cough or purulent nasal discharge) and growth. With the exception of dietary zinc intake, dietary variables were generally not signi®cantly associated with growth. Maternal education was positively associated with growth during most of the age intervals. Conclusion: These ®ndings suggest that interventions to reduce morbidity and improve the education of girls may bene®t children's growth in this population.
Introduction
Growth faltering among infants and children in developing countries is highly prevalent (Dewey, 1998; Wells et al, 1993) . Although globally there has been a reduction in the prevalence of underweight among children under 5 y (United Nations Children 's Fund, 1998) , the prevalence of stunting is still alarmingly high. Nearly 40% of preschool children (226 million) are moderately to severely stunted (United Nations Children 's Fund, 1998) . In subSaharan Africa the prevalence of stunting in under-®ves is estimated to be 42% (United Nations Children 's Fund, 1998) . In Ghana, West Africa, 26% of children under 5 y are moderately to severely stunted (United Nations Children's Fund, 1998) .
The adverse effects of growth faltering on children's health and development have been widely studied. Growthretarded children have greater susceptibility to infections (Black et al, 1984; Rivera & Ruel, 1997) , higher mortality rates (Martorell et al, 1994; Vella et al, 1993) , and increased likelihood of impaired cognitive development and reduced school performance (Pollitt, 1992; Sigman et al, 1989) . Children who are stunted early in life and continue to reside in the same deprived environment never catch up to their full growth potential (Martorell et al, 1994) in adulthood. Moreover, stunted girls who survive the harsh environmental conditions and end up as short adults have increased obstetric risks due to their small stature, and are more likely to have poor pregnancy outcomes (Leslie, 1991; Martorell et al, 1981) .
Two vulnerable periods have been identi®ed during which growth faltering commonly occurs (Brown & Begin, 1993) . During intra-uterine development, genetic, endocrine and maternal factors can affect prenatal growth. Maternal factors affect not only birth weight and birth length, but also growth post-natally (Dewey, 1998; Kusin et al, 1992) . The second critical period for growth faltering is during the weaning period which generally coincides with the second 6 months of life. The relatively poor quality of complementary foods (Black et al, 1982; Dickin et al, 1990) and high rates of infection (Kolsteren et al, 1997; Mata et al, 1972; Moy et al, 1994) are some factors implicated in growth faltering during this period. Understanding the factors that affect growth during these critical periods is essential for determining appropriate intervention strategies to address the problem.
In Ghana the feeding of koko, a fermented maize dough porridge, is thought to contribute to the growth faltering observed among children, because koko has low energy and nutrient densities. To improve complementary feeding practices, Weanimix, a cereal ± legume mixture, has been introduced by the Ministry of Health, Ghana. We recently completed a randomized intervention trial to assess the effect of feeding Weanimix and three other locally formulated foods (Weanimix plus vitamins and minerals, Weanimix plus ®sh powder and koko with ®sh powder) on the growth of Ghanaian infants from 6 to 12 months of age. During the study, growth was monitored longitudinally from 1 to 18 months, and data on demographic and other household characteristics, morbidity and dietary intake were collected at various time points. Speci®c effects of the intervention on intake, growth, morbidity and micronutrient status from 6 to 12 months are reported elsewhere (Lartey et al, 1999) . This paper reports on the factors associated with growth among the study infants during various intervals from 1 to 18 months of age: 1 ± 6, 4 ± 6, 6 ± 12 and 12 ± 18 months. The age interval 4 ± 6 months was included because of the current controversy surrounding the age when complementary foods should be introduced (Brown et al, 1998a) .
Subjects and methods
The study was conducted in a district capital (Techiman) of the Brong Ahafo region of Ghana, where the main occupations are farming and trading. In total, 216 breast-fed infants with birth weights ! 2X5 kg and with no congenital abnormalities were recruited by 1 month of age from Maternal and Child Health Centers run by the Techiman Ministry of Health. Baseline data on household characteristics were collected. Between 1 and 6 months, anthropometric measurements, information on infant feeding practices and morbidity data were obtained monthly. At 6 and 12 months, blood was drawn for the biochemical assessment of iron, zinc, ribo¯avin and vitamin A status. Infants were randomly assigned to one of four treatment groups at 6 months of age for a period of 6 months: (i) Weanimix; (ii) Weanimix plus vitamins and minerals; (iii) Weanimix plus ®sh powder; and (iv) koko with ®sh powder added. Fish powder was made from smoked anchovies by removing the heads, scales and intestines and then drying and milling the remainder; this was added to the last two diets at 20% by weight. Details of the project foods are reported elsewhere (Lartey et al, 1999) . To assess the longterm impact of the intervention, anthropometric measurements were collected from 12 to 18 months, when project food was no longer supplied. The study was approved by the Human Subjects Review Committee of the University of California, Davis and the Ministry of Health, Ghana.
Of the 216 infants initially recruited, 208 infants remained eligible for the intervention phase at 6 months of age (seven traveled out of the area, and in one case the father refused participation). A total of 190 infants completed the intervention at 12 months. The reasons for dropping out during this period were: (i) traveled out of the area n 8; (ii) father refused participation n 1; (iii) mother did not feed the assigned food n 4; (iv) child refused the assigned food n 4; and (v) death of one infant. Except for birth weight, which was lower in the dropouts (2X9 AE 0X3 vs 3X2 AE 0X4 kg, P b 0X002), other baseline characteristics (maternal and paternal age and education, maternal height and weight, household income and percentage of household income spent on food) did not differ between dropouts and participants during the 6 ± 12 month intervention period. A total of 172 children completed the post-intervention follow-up to 18 months. Of the 18 dropouts during the post-intervention phase, 17 traveled and one child died.
Anthropometry
Of the 208 infants who entered the intervention study, birth weights were either measured by study personnel n 70 or were recorded from birth certi®cates n 103, as reported elsewhere (Lartey et al, 1999 ) (birth weight information was missing for 35 infants). Measurements of weight, length, mid-upper arm circumference, triceps and subscapular skinfolds and head circumference were taken monthly from 1 to 12 months and every other month from 12 to 18 months. Anthropometric techniques were standardized according to World Health Organization procedures (World Health Organization, 1983 ). Weight-for-age, lengthfor-age and weight-for-length z-scores were calculated using National Center for Health Statistics reference data (National Center for Health Statistics, 1977) .
Dietary intake
During the ®rst 6 months, the usual number of feedings of breast milk, other liquids and servings of solid foods per day was recorded monthly using a food frequency questionnaire for the previous week. At 6, 7, 8, 10 and 12 months, intake of project foods and non-project foods was monitored by repeated 24 h recalls (two weekdays and one weekend day) in all subjects and by 12 h weighed food records in a random sample of 50% of infants at each age. Breastfeeding episodes were recorded at the time of dietary data collection. Nutrient intake from project and nonproject foods was determined using food composition tables and analyzed values as described elsewhere (Lartey et al, 1999) .
Morbidity
Infant morbidity data were collected for two intervals: 1 ± 6 months and 6 ± 12 months. During the ®rst interval (1 ± 6 months), data were collected monthly: mothers were asked to recall symptoms of diarrhea, fever or respiratory illness for each day during the previous week (7-day recall), and also to indicate if the child had been ill during the 3 weeks prior to that (since the previous monthly visit). During the 1 ± 6 month interval, a morbidity score for each illness category was calculated as the number of months during which any illness was reported divided by the total number of months of observation. The morbidity score ranged from 0 to 1 in each illness category. The morbidity scores correlated highly with 1-week morbidity prevalences r b 0X6, however in order to capture morbidity information for the whole month the former was used in data analysis. During the 1 ± 6 month interval, diarrhea was based on the mothers' perception, fever was based on mother's report of elevation of infant's body temperature above normal and respiratory illness was de®ned as the presence of purulent nasal discharge or cough. No attempt was made to distinguish between upper and lower respiratory illness. We compared stool frequency and consistency on days mothers reported diarrhea in their infants to days during which no diarrhea was reported, using paired t-tests. Stool consistency was categorized as: 1liquid;
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A Lartey et al 2semi-liquid; or 3solid. Stool number was signi®cantly greater 4X4 AE 1X7 vs 2X1 AE 0X7, P`0X0001) and consistency was signi®cantly more liquid (1X2 AE 0X4 vs 2X3 AE 0X3, P`0X0001) on days mothers reported diarrhea in their infants. The above analysis was repeated for selected time intervals (0 ± 2, 2 ± 4 and 4 ± 6 months) and signi®cant differences in stool number and consistency were observed for each of the time intervals examined. For the 6 ± 12 month interval, morbidity data were collected weekly. Mothers kept a daily record of speci®c symptoms of diarrhea, fever and respiratory illness, using a simple grid that did not require literacy. Diarrhea was de®ned as three or more liquid or semi-liquid stools in 24 h, and fever and respiratory illness were de®ned as described above. Morbidity prevalence was calculated as the ratio of the number of days of illness to the number of days morbidity information was collected for each child. By arrangement with the Holy Family Hospital in Techiman (project collaborating institution), project infants who were ill (severe anemia and burns) were referred to the hospital for treatment.
Statistical methods
All analyses were done using PC-SAS (SAS Institute Inc., USA). Baseline characteristics were compared among treatment groups using analysis of variance. Multiple stepwise regression analysis was used to evaluate factors associated with infant growth from 1 to 6, 4 to 6, 6 to 12 and 12 to 18 months, as well as attained size at 12 and 18 months. The variables included in the regression models are shown in Table 1 . For the 1 ± 6 and 4 ± 6 month intervals, morbidity variables were included in the models as morbidity scores (described above). To avoid problems of collinearity, independent variables that were highly correlated r ! 0X7 with each other were not entered in the model at the same time. Thus, either infant weight or length was entered. Maternal height and body mass index were entered in the models together because they were not signi®cantly correlated. Variables with highly skewed distributions (household income, plasma ferritin concentration, selected dietary variables) were logarithmically transformed.
No nutrient intake variables were included in the models before 6 months, because quantitative food intake data were not collected during this period. However, we included breastfeeding frequency, the daily frequency of feeding milks (other than breast milk) and the daily number of servings of solid foods (porridges, fruits and staple foods, from a list of 28 foods) in the models before 6 months. During the 4 ± 6 and 6 ± 12 month intervals, the proportion of breastfeeds to the total number of servings per day was added to the models. This variable was calculated as: breastfeeding frequencya(breastfeeding frequency per dayother milk feeds per dayservings of solid food per day). Birth weight was not a signi®cant predictor of growth in bivariate analyses; because its inclusion decreased sample size due to missing values for 35 infants, it was taken out of the models. Biochemical values: hemoglobin, mean cell hemoglobin concentration, plasma retinol, ribo¯avin and log (ferritin) concentrations.
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During the 6 ± 12 month interval, morbidiy prevalence rates were included in the models. Intakes of selected nutrients from non-breast milk foods were included in the models, including energy, ribo¯avin, log of vitamin A and log of dietary zinc or log of dietary iron. These nutrients were included because of suspected de®ciency in the population and because their density in Weanimix is relatively low. Because of the high correlation between log of dietary zinc and log of dietary iron r 0X95, P`0X001), one or the other was included in the regression models. The intervention group variable was included in the models during this interval. Because of missing data for some of the biochemical indices, the models for growth from 6 to 12 and 12 to 18 months were run both with and without the biochemical values.
Results
Subject characteristics are shown in Table 2 . As described elsewhere (Lartey et al, 1999) , there were no signi®cant differences among intervention groups. All infants were breast-fed. By 12 and 18 months, only two and nine infants, respectively, had stopped breastfeeding. Table 3 shows the change in length and weight as well as infant feeding practices during the various age intervals examined. The mean breastfeeding frequency ranged from 21 feedsad in the ®rst six months to 14 feedsad from 12 to 18 months. Consumption of other milk and solid foods increased with age.
Weight-for-age, length-for-age and weight-for-length zscores are shown in Figures 1 ± 3. There were no signi®cant differences among intervention groups at any time point. zscores increased during the ®rst 2 ± 3 months of life, after which they declined. The decline in weight-for-age z-score was steeper than the decline in length-for-age z-score in the ®rst year of life. Between 12 and 18 months, weight-for-age z-scores stabilized. The mean z-scores at 18 months were À1X2, À0X9 and À0X8 for weight-for-age, length-for-age and weight-for-length, respectively.
The mean morbidity scores for diarrhea, fever and respiratory illness during the 1 ± 6 month interval were 0.24AE0.22, 0.20AE0.21 and 0.30AE0.26, respectively, i.e. for each illness, morbidity was reported on average during 1 ± 2 of the 5 months in this interval. Diarrhea, fever and respiratory illness prevalences during the inter- The results of the multiple regression analyses for factors associated with growth during various age periods are shown in Tables 4 ± 6. During the 1 ± 6 month interval (Table 4) , both weight gain and linear growth velocity were negatively associated with fever score. Diarrhea score was negatively associated with weight velocity but not length velocity. Growth was more rapid in male than in female infants, as expected. Maternal education was positively related to length velocity.
Between 4 and 6 months, length velocity was negatively associated with household income and maternal age, while weight velocity was negatively related to fever score. Household income and maternal age were not signi®cantly associated with any of the other independent variables from 4 to 6 months. To assess whether differences in feeding practices, morbidity andaor size at 4 months explained the negative relationship between household income and length velocity between 4 and 6 months, the regression was re-run with these variables forced into the model. However, there was still a signi®cant P 0X03 negative coef®cient for income, suggesting that other unknown factors play a role in this relationship. Bivariate analysis showed a positive relationship between the number of servings of solid foods and diarrhea score between 4 and 6 months r 0X17, Figure 3 Mean weight-for-length z-scores of breast-fed Ghanaian infants from 1 to 18 months. WWeanimix, WMW plus vitamins and minerals, WFW plus ®sh powder, KFkoko plus ®sh powder. Morbidity prevalence (proportion)ratio of days with illness to total number of days illness information was collected between 6 and 12 months. Growth predictors of Ghanaian infants A Lartey et al P 0X02, even though this association was not strong enough to affect growth. Further analyses were carried out to determine whether there was an interaction effect between diarrhea and infant feeding variables on growth during this interval, but none of the interaction terms was signi®cant. Weight and length velocities from 6 to 12 months were both negatively associated with diarrhea prevalence and positively associated with maternal education (Table 4) . Length velocity from 6 to 12 months was negatively associated with weight at 1 month and positively associated with plasma vitamin A at 6 months, while weight velocity from 6 to 12 months was positively related to dietary zinc intake. There was no signi®cant interaction effect between diarrhea and energy intake from project foods on infant growth.
Attained size (both length and weight) at 12 months was positively associated with size at 1 month, male sex and maternal education, and negatively associated with fever prevalence (Table 5 ). In addition, length at 12 months was positively associated with maternal height, and weight at 12 months was negatively associated with diarrhea prevalence.
Length velocity from 12 to 18 months was positively associated with maternal height and education. When no biochemical variables were added to the model, the only variable associated with weight velocity from 12 to 18 months was weight at 12 months (an inverse relationship). With the addition of the 12 month biochemical variables, plasma ferritin at 12 months was the only variable signi®cantly associated with weight gain from 12 to 18 months (Table 5) .
Attained size at 18 months was positively associated with infant size at 1 month, male sex and maternal education (Table 6 ). In addition, maternal height was positively associated with attained length at 18 months.
Further analyses were carried out to test for interactions between maternal education (three levels: none, 1 ± 9 y and 10 ± 17 y) and household income (three levels:`24Y 000, 25,000 ± 50,000 and b 50Y 000 Cedis) and no signi®cant interaction effects were found during any of the age intervals. Correlation analysis showed that maternal education was signi®cantly associated with infant dietary vitamin A intake (r 0X19, P 0X01) and marginally associated with fever prevalence À0X13, P 0X08) from 6 to 12 months. During all other age intervals, maternal education was not signi®cantly associated with any of the independent variables, including maternal nutritional status (body mass index). Using path analysis, we examined the possible intermediary variables (dietary intake and morbidity) through which maternal education might be exerting an effect on growth. No signi®cant indirect effect of maternal education on growth was observed (results not shown).
The regression analyses for the various intervals were also run with food intake variables replacing nutrient intake variables. Energy intakes from the following food groups were considered: cereals, legumes, roots and tubers, animal products, cereal ± legume mixtures, cereal ± animal product mixtures, vegetables and fruits. In all cases none of the food group variables was signi®cantly associated with the growth outcomes.
Discussion
The pattern of growth of the infants in this study follows that generally seen in most developing countries, characterized by an initial period of rapid growth and a subsequent decline relative to reference growth data (Dewey, 1998; Kusin et al, 1991; Wells et al, 1993) . It should be noted that a similar pattern of growth, though with less of a decline in later infancy, is also observed among healthy breast-fed infants in af¯uent populations when compared with the NCHS reference (de Onis & Habicht, 1996) . Limitations inherent in the NCHS reference (de Onis & Habicht, 1996) may account for this common pattern in af¯uent countries and at least some of the pattern observed in low-income populations.
Several factors were associated with growth in this population of infants. Prevalence of diarrhea and fever were negatively related to growth during the ®rst year of life. No signi®cant relationship could be demonstrated between respiratory illness and growth among these infants, even though this association has been reported by other investigators (Kolsteren et al, 1997; Ricci & Becker, 1996; Rowland & Rowland, 1988) . Most studies, including ours, have not distinguished between upper vs lower respiratory illness. In those that have, upper respiratory illness has not been found to be a signi®cant predictor of growth (Jackson et al, 1988; Rowland & Rowland, 1988) , whereas lower respiratory tract infections have been associated with lower rates of weight gain (Rowland & Rowland, 1988) . Morbidity can adversely affect growth through several mechanisms, including suppression of appetite and reduced food intake during infections Martorell et al, 1980) , nutrient malabsorption (Lunn et al, 1991; Mann, 1990; Northrop-Clewes et al, 1997) and increased nutrient requirements. Fever and diarrhea were each associated with signi®cant decreases in energy intake in Peruvian infants, but no signi®cant effect of respiratory illness on energy consumption was observed unless it was accompanied by fever . This may explain the lack of association between respiratory illness and growth in our study infants, among whom respiratory illness was accompanied by fever only 37% of the time. In addition, the incidence of severe respiratory illness (as indicated by dif®culty breathing) was relatively low (mean 0X18 AE 0X4 episodes per 100 d) in our sample of breast-fed infants. Mild respiratory infections are less likely to affect growth. Documenting diarrhea in predominantly breast-fed infants can be problematic. This is because breast-fed infants have more frequent and looser stools than nonbreast-fed children (Hyams et al, 1995; Tham et al, 1996) . To avoid over-diagnosing, mother's determination of diarrhea was used in coding the presence of diarrheal illness during the ®rst 6 months. Our results showed that mother's determination of diarrhea in the ®rst 6 months of infant age was quite reliable. On days that mothers reported diarrhea, stool frequency was signi®cantly higher and stool consistent was more liquid. During this period, diarrhea was negatively associated with weight velocity but not with length velocity. This is consistent with results reported in some studies (Adair et al, 1993; Bittencourt et al, 1993; Rowland & Rowland, 1988) , but differs from results of other studies in Honduras and Indonesia, where no relationship was demonstrated between diarrhea and growth of breast-fed infants in the ®rst 6 months (Cohen et al, 1995; Kolsteren et al, 1997) . Differences in exposure to environmental pathogens may explain the inconsistencies in the various studies. For example, in Honduras, 4 months of exclusive breastfeeding and the provision of only hygienically prepared commercial baby foods between 4 and 6 months reduced morbidity in the study infants. Exclusive
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A Lartey et al breastfeeding is generally protective against diarrheainduced growth faltering (Rowland & Rowland, 1988) . The introduction of water,¯uids and porridges before 6 months by our study mothers (despite advice given to breastfeed exclusively) may have increased exposure to contamination, resulting in infant diarrhea and impaired growth. Brown et al (1989) showed that the introduction of water or other¯uids alone was enough to increase the risk of diarrhea in breast-fed infants. Diarrhea is a major cause of morbidity and mortality among Ghanaian infants. The national prevalence of diarrhea is 14.9% for infants under 6 months and 24.9% for infants between 6 and 12 months (Ghana Statistical Services, 1994) . Diarrhea prevalence was also negatively related to growth from 6 to 12 months, which is consistent with results of most other studies (Adair et al, 1993; Becker et al, 1991; Bittencourt et al, 1993; Liu et al, 1998) . The negative association of fever with growth is in agreement with results from other studies (Becker et al, 1991; Cohen et al, 1995) . Febrile illness is a common clinical manifestation of malaria infection, which is prevalent among infants in endemic areas (Achidi et al, 1996; Bittencourt et al, 1993) such as Ghana. In our sample, 33% of fevers were`unexplained' and could have been due to malaria. With the documented effect of febrile illness on food intake ) and the known metabolic consequences of febrile illness (Beisel, 1995) , the observed effect on growth is not surprising.
We speci®cally examined growth during the 4 ± 6 month age interval because the optimal age for introduction of complementary foods is still under debate due to the lack of well-designed studies on which to base recommendations. To date, only two studies have employed a randomized intervention design to examine this issue (Cohen et al, 1994; Dewey et al, 1999) The results indicated that the introduction of complementary foods before 6 months displaced breast milk and conferred no growth advantage relative to infants who were breast-fed exclusively to 6 months. Our analyses also indicate that the use of other foods during this period was not associated with any differences in growth, although children who were fed more complementary foods had higher rates of diarrhea. Other longitudinal studies have also shown either no difference in growth or a negative association between complementary feeding and growth from 4 to 6 months (Kusin et al, 1991; Martines et al, 1994; Simondon & Simondon, 1997; Zumrawi et al, 1987) .
Maternal education was consistently positively associated with length andaor weight velocities at the various age intervals examined, except the 4 ± 6 month interval. The mean years of schooling for mothers in our study was relatively low (about 6 y). Other studies have also reported a positive in¯uence of maternal education on children's nutritional status (Reed et al, 1996; Ricci & Becker, 1996; Ruel et al, 1992) . The mechanism by which maternal education in¯uences growth is not clearly understood. It has been suggested that one of the paths through which maternal education improves nutritional status of children is through increased maternal nutrition knowledge (Ruel et al, 1992) . In the Philippines, maternal education affected the prevalence of childhood morbidity through health and nutrition related behaviors (Cebu Study Team, 1991) . Other studies have shown an interaction effect between maternal education and socioeconomic status (Reed et al, 1996) : when resources were limited or were in abundance, maternal education had no effect on children's growth (Bairagi, 1980; Reed et al, 1996) , but in middle socioeconomic status families maternal education was signi®cantly associated with children's growth (Reed et al, 1996) . A study in Lesotho (Ruel et al, 1992) showed that among wealthier households the association of maternal education with children's nutritional status was mediated through increased nutrition knowledge, however among poorer households, the association was independent of maternal nutrition knowledge. A similar independent effect of maternal education on growth was reported in the Philippines (Ricci & Becker, 1996) . In our study, the positive association of maternal education with growth was evident after controlling for household income and the percentage of household income expended on food. No interaction was detected between maternal education and income. The relationship between maternal education and growth was not mediated through the dietary or morbidity variables. It is possible that other unmeasured variables, such as caregiving behaviors, explain the link between maternal education and growth in this population.
Micronutrient status was linked with growth in some of our analyses. The positive association of dietary zinc intake with weight velocity from 6 to 12 months is not surprising considering the importance of zinc for growth (Brown et al, 1998b; Schlesinger et al, 1992) . Among the study infants given the vitamin ± mineral forti®ed weanimix (WM), this food contributed about 89% of their total zinc intake from complementary foods; in the other three groups (W, WF and KF), the unforti®ed project foods contributed 66% of the zinc intake from foods. Of the non-project foods, maize products were the main sources of zinc, providing about 10% of the total dietary zinc intake from foods. Although the WM food included additional zinc, growth in this group did not differ signi®cantly from that of the other study infants. Some intervention trials have indicated a positive effect of zinc supplementation on growth, but this has not been consistent across all studies (Brown et al, 1998b) . A positive association of plasma vitamin A with length velocity was also observed from 6 to 12 months. Effects of vitamin A supplementation on the growth of infants in developing countries have been mixed. Some studies have reported a positive effect on growth (Courtright, 1994; Muhilal et al, 1988) , while others have found no effect (Kirkwood et al, 1996; Rahmathullah et al, 1991; Ramakrishnan et al, 1994) .
Plasma ferritin is considered a reliable measure of body iron stores (Cook & Skikne, 1982) . During periods of rapid growth there is often a depletion of iron stores. Recent studies have demonstrated that infants who grow more rapidly have a greater reduction in plasma ferritin concentration than infants who grow more slowly. Edmond et al, 1996; Michaelsen et al, 1995) . In this study, we found that children with low plasma ferritin at 12 months had a lower weight gain between 12 and 18 months. It is unclear whether this re¯ects a direct effect of iron status, or an indirect association between plasma ferritin and other factors, such as overall dietary adequacy. Although some iron supplementation studies have shown a positive effect on growth (Angeles et al, 1993; Latham et al, 1990) , the results are not consistent for all populations (Allen, 1994; Rosado et al, 1997) .
Despite the signi®cant inverse association between infant size at 1 month and growth velocity from 1 to 6 months and 6 to 12 months, there was a strong positive association between infant size at 1 month and attained size Growth predictors of Ghanaian infants A Lartey et al at 12 and 18 months. This may re¯ect the in¯uence of prenatal factors. Other studies have also reported that infants who are shorter and lighter at birth (presumably due to intrauterine growth retardation) exhibit some catchup growth but still remain shorter and lighter throughout childhood than their larger birth weight peers. After accounting for infant length at 1 month, maternal height was independently associated with attained length at 12 and 18 months, suggesting either genetic in¯uences or a multigenerational impact of maternal stunting. Maternal height was also positively associated with length velocity between 12 and 18 months. Similar associations between maternal anthropometric indices and infant growth have been reported in Bangladesh and Bolivia (Novotny & Hass, 1987 , Rahman et al, 1993 . This implies that interventions aimed at improving postnatal growth may not achieve the expected effect if growth has been`pre-programmed' prenatally through maternal factors.
Only 4 ± 18% of the variation in growth velocity was explained by the independent variables in the various models. Although this is not unusual for studies of infant growth, in indicates that other unmeasured determinants play a large role. In this study, all infants were breast-fed and given enhanced complementary foods from 6 to 12 months. Therefore, there was less variability among the study infants than might be seen in a more`natural' situation within the community.
To summarize, these results indicate that the prevalence of diarrhea and fever, maternal education and maternal height are the strongest predictors of infant growth in this population. These ®ndings suggest that interventions to improve growth in such environments must focus on the reduction of morbidity, speci®cally diarrhea and febrile illness such as malaria. For the ®rst 6 months, exclusive breastfeeding is a low cost and effective strategy. Currently, the percentage of women who exclusively breastfeed for 6 months is very low in Ghana (0.4%), even though the median duration of breastfeeding is 18 months (Ghana Statistical Services, 1994) . Greater education and support for mothers to extend the duration of exclusive breastfeeding is needed. Improvement in home sanitation and effective malarial control programs are also important for reducing morbidity. In addition, improvement in nutritional status though the provision of nutritionally adequate complementary foods after 6 months can ameliorate the morbidity-induced growth faltering so rampant during this period (Becker et al, 1991) . We reported elsewhere (Lartey et al, 1999) that the growth status of the infants in this study was better than that of a cross-section of infants from the study area who did not participate in the complementary feeding intervention, which supports this strategy. Lastly, education of girls should be given special attention in light of the observed association between maternal education and children's nutritional status. Further studies would be need to identify the intermediary variables through which maternal education affects child growth in this population.
